We present the results of a process to attempt to identify 100 questions that, if answered, 85 would make a substantial difference to terrestrial and marine landscape restoration in 86 Europe. Representatives from a wide range of European governmental and non-87 governmental conservation organizations, universities, independent ecologists and land 88 managers compiled 677 questions relating to all aspects of European landscape restoration 89 for nature and people. The questions were shortlisted by an email vote, followed by a two-90 day workshop, to produce the final list of 100 questions. Many of the final questions evolved 91 through a process of modification and combination as the workshop progressed. The 92 questions are divided into eight sections: conservation of biodiversity; connectivity, 93 migration and translocations; delivering and evaluating restoration; natural processes; 94 ecosystem services; social and cultural aspects of restoration; policy and governance; and 95 economics. We anticipate that these questions will help identify new directions for 96 researchers and policy-makers and assist funders and programme managers in allocating 97 funds and planning projects, resulting in improved understanding and implementation of 98 landscape-scale ecological restoration in Europe. 99 100
Introduction 104
Ecological restoration, defined as the process of assisting or allowing the recovery of an ecosystem 105 that has been degraded, damaged, or destroyed (SER 2004) , has been the focus of increasing recent 106 political and research attention. Restoration is of particular importance in densely-occupied and 107 ecologically-transformed Europe, in order to retain and enhance the capacity of ecosystems to 108 provide for the present and future needs of millions of people, enable the function of natural 109 processes, and conserve threatened biodiversity. The creation of large restored areas has been given 110 heightened urgency by recent international policy targets (Aronson & Alexander 2013) . The 111
Convention on Biological Diversity identified restoration as key to delivering essential ecosystem 112 services (Aichi Biodiversity Target 14), and has a global target of restoring at least 15% of degraded 113 ecosystems by 2020 (Aichi Target 15; CBD 2014). This has been adopted as Target 2 of the EU's 2011-114 2020 Biodiversity Strategy (EU 2011), which is of especial relevance to this paper. However, the mid-115 term review of the EU's progress towards meeting this target reported that there had been 'progress 116 but at an insufficient rate', with some restoration activities having occurred, but without a halt in the 117 degradation of ecosystems and services (European Commission 2015). Other global initiatives calling 118
for increased attention to landscape restoration include the Global Partnership for Forest Landscape 119
Restoration and its Bonn Challenge to bring 150 million hectares of the world's deforested and 120 degraded land into restoration by 2020, and 350 million hectares by 2030 (Suding et al. 2015) . The 121
impending deadline for these targets has created impetus for moving forward with large-scale 122 restoration programmes across Europe, but their success will depend on our capacity to implement 123 them effectively. 124
As well as policy drivers, recent progress in a range of relevant areas have provided additional 125 momentum to the landscape restoration movement. Ecological and technological advances (Perring 126 et al. 2015) , new dynamics in green and sustainable finance (FAO & UNCCD 2015) , and approaches 127 incorporating the commodity supply chain into sustainable landscapes all have implications for 128 restoration. Concepts of restoration are also evolving rapidly; these include the desired target state 129 for restoration projects (whether aiming for a historic baseline, or a novel enhanced system), the 130 approaches employed and level of management intensity needed, and how to incorporate human 131 impacts on landscapes into restoration programmes (Corlett 2016 , Bowman et al. 2017 . 132
Landscapes are large, heterogeneous and multifunctional environments that provide diverse 133 services and values to multiple stakeholders. Landscape restoration therefore refers to restoration 134 of biodiversity and natural processes within degraded lands and seas on a scale that may vary from a 135 few square kilometres to ecological corridors that traverse continents. Such restoration projects are 136 typically complex, covering a mosaic of habitats and species' ranges, and affecting a wide range of 137 people in many different ways. They may also cross political boundaries and involve a large number 138 of private and public landowners working in often complex partnerships. Consequently, restoration 139 success at such scales is commonly dependent upon a wide range of interacting cultural, social, 140 political and economic factors, in addition to ecological considerations. This is particularly well 141 illustrated in the Mediterranean Basin where different legal frameworks exist between EU and non-142 EU countries, and information availability and cultural attitudes have variously assisted or 143 constrained the development of landscape restoration projects (Nunes et al. 2016) . 144
Given the current significance of landscape restoration in Europe, and the complexity of the 145 ecological and socio-economic factors involved in large-scale initiatives, it seems valuable to take 146 stock of relevant information needs. Although there is much individuality in landscapes and 147 restoration schemes, there are many knowledge gaps with wider relevance which need to be tackled 148
if restoration targets are to be achieved in the most effective manner. This exercise aimed to identify 149 these knowledge gaps, in order to encourage researchers, funders and programme managers to 150 focus funding and research energy towards addressing these gaps. We also hoped to contribute 151 towards improving the integration of science and policy (Koetz et al. 2012 ), by seeking input from 152 experts in both areas, to identify questions that satisfied both scientific rigour and policy relevance. 153
In order to identify 100 questions that, if answered, would make a substantial difference to 154 landscape restoration in Europe, we brought together 37 practitioners, policy-makers, academics, 155 landowners and managers from a range of backgrounds across Europe. The criteria for identifying 156 and prioritising these questions specifically stipulated that answering them should make a 157 demonstrable difference to our ability to carry out landscape restoration in Europe. We hope that by 158 specifying and publicising these questions, identified by a diverse set of participants using a 159 structured and transparent process, we are providing an agenda and justified rigorous basis for 160 those involved in restoration projects to undertake field experiments, literature reviews or meta-161 analyse to answer one or more of these priority questions. Our aim in presenting these results is to 162 stimulate debate and, more importantly, to inspire research that will contribute towards enabling 163
European countries to meet the Aichi Biodiversity Targets and related policy commitments. 164
The scope of this exercise is defined as geographical Europe, and so excludes European territories 165 outside this area. Inevitably several questions, particularly those relating to policy, refer specifically 166 to the European Union, but most questions are relevant to the whole of geographical Europe. We 167 also encompass all ecosystems and biotopes; unless specified, all questions relate to restoration in 168 both terrestrial and marine ecosystems, and our use of the word 'landscape' does not exclude 169 coastal and marine seascapes, but rather reflects the large spatial scale of the project. 170
In Europe, as in many other parts of the world, there is a tension between restoring the sorts of 171 environments and species associated with historic land management, and more laissez faire, non-172
interventionist approaches, which aim to restore natural ecosystem processes with low levels of 173 management. 
Methods

186
In order to identify the most important questions in European landscape restoration we employed 187 an iterative process of voting, discussion and refining questions. We followed a previously used 188 method (Sutherland et al. 2006 ) to ensure a rigorous, democratic and transparent process ( Figure 1 , 189 Sutherland et al. 2013). 190 The questions identified during this process will inevitably reflect the interests and experiences of 191 the participants. Participants were therefore selected using a structured process, which aimed to 192 cover a wide range of disciplines, ecosystems and habitats, as well as representing a variety of 193 organisational backgrounds (please see author list for participant affiliations) and geographic regions 194 ( Figure 2 ). We thus aimed to maximise the range of questions submitted, as well as the expertise 195
and experience present during discussion and synthesis of the questions, as far as possible within 196 the constraints of the meeting format and budget. All participants are authors of this paper. 197
Participants were asked to submit between 5 and 25 questions to the exercise, and were 198 encouraged to consult widely in identifying these, resulting in the active participation of 893 people 199
and an initial total of 677 questions. Participants were asked to identify useful, answerable questions 200 that could feasibly be tackled by a research team with a small number of grants, and to avoid broad, 201 general questions. In addition, questions had to meet the criteria that they (i) be answerable 202 through a realistic research design; (ii) have a factual answer that does not depend on value 203 judgments; (iii) address important gaps in knowledge; (iv) are at an appropriate spatial and temporal 204 scale and scope; and (v) fall within the scope of the exercise. 205
The 677 submitted questions were initially assigned to 12 broad themes, reflecting subject areas in 206 landscape scale restoration. Participants were then asked to vote anonymously by email for the 5-13 207 most important questions in those thematic sections where they felt competent to comment, with 208 the number of votes allocated to each theme proportional to the number of questions in the theme. 209
Participants were also given the opportunity to suggest questions that could be re-worded or 210
combined. The results of the voting, plus comments made by participants, were circulated to all 211 participants before the meeting. 212 A two-day workshop was held in Cambridge, UK in November 2017. In the first stage, the 213 participants were divided into 12 working groups, each of which considered one theme, to identify 214 duplicate questions, those that had already been answered, and those that could be improved by 215 further rephrasing. The working group chairs moderated a discussion in which the number of 216 questions was reduced by approximately two thirds, to produce a list to be carried forward to the 217 second stage ( Figure 1 ). Each group divided the retained questions into a specified number 218 (proportional to the number of questions in the theme) of 'bronze', 'silver' and 'gold' questions, 219 ranked in order of increasing importance. Chairs were asked to ensure the process was democratic 220 with all views heard. Where there was no clear consensus, decisions were made using voting by a 221
show of hands. 222 6 The second stage of the workshop consisted of two sets of two parallel sessions, each of which 223 refined the questions from three of the initial thematic working groups, using a similar approach to 224 the first stage. The number of questions was reduced by approximately half, and new gold, silver and 225 bronze categories were created from the retained questions, based on group discussion and voting. 226
In the third and final session, the gold questions carried forward from the second stage were 227 examined again; questions which, after further discussion, were thought not to be of the highest 228 importance were demoted to silver. Participants were then asked to identify whether any of the 229 questions classified as bronze should be moved into silver. The final round of voting chose the most 230 important silver questions to join the gold questions, creating the final list of 100. 231
This voting process was designed so that at each stage the previous decisions were influential but 232 could also be overruled. It also provided the opportunity to merge similar questions that derived 233 from different initial themes. Furthermore, questions from different groups were compared against 234 each other to ensure that they were of equivalent importance and to reduce possible biases, for 235 example due to a disproportionate number of questions initially suggested in one subject area. 236
As described above, the most important caveat relating to the questions presented in this paper is 237 that they are likely to be influenced by the interests and expertise of the participants. Efforts were 238 made to solicit questions and select attendees from across the many aspects of landscape 239 restoration, but some biases are inevitable. For logistical and financial reasons the majority of 240 participants were from the UK, and hence there is a geographical bias, although most had 241 experience of working in several bioregions of Europe ( Figure 2 ). We invited participants with 242 experience in a range of ecosystems (wetlands, agriculture, grassland, forests, marine) and tried to 243 maximise the number of people who had experience of planning, implementing and monitoring 244
European landscape restoration programmes. Most participants worked in non-governmental 245 organisations (17) or academic institutions (16), with others based in governmental or inter-246 governmental organisations (5) or the private sector (4) (some individuals were associated with 247 more than one organisation). The majority of participants were trained as biological scientists, and 248 the group consisted of 28 men and 9 women. 249
The initial division of questions into themes may also have limited lateral thinking, and it was not 250 clear where all questions should best be placed; the successive merging of themes was designed to 251 address this issue. There was also a tendency to pose and, at least initially, prioritise broad questions 252 rather than the more answerable, focussed questions the exercise specified. It was sometimes 253 difficult to compare the importance of broad, general questions with those that referred to a specific 254 issue or ecosystem. Our aim was to identify those that fell in the middle, and could feasibly be 255 answered by a research programme but also had significance beyond a single system. Below we 256 present the final 100 questions, split into eight broad subject areas; questions are grouped together 257 in similar themes, and the order does not reflect rank or importance. identify sites that are most likely to contribute to long-term conservation goals within a landscape, 269 such as climate change refugia (Suggitt et al. 2014 ). Questions also reflect that restoration of high-270
nature value sites within a landscape may depend on adopting innovative and novel approaches 271 (Perring et al. 2013 (Perring et al. , 2015 
Natural processes 387
The questions chosen in this section relate to how to effectively restore biotic and abiotic processes, 388 at a range of temporal and spatial scales, to create resilient functional ecosystems. Some processes, 389 such as decomposition of organic matter, often occur at very small scales but take place across many 390 parts of a landscape, providing cumulative restoration benefits. Others, such as river flooding and for the renewal of many ecosystems, but in practice the scales at which their benefits can be derived 400 are constrained by human factors such as land use, infrastructure, and water extraction and 401 management (Hughes et al. 2005 
Social and cultural aspects of restoration 473
The development of landscape-scale conservation and restoration projects has significant social and 474 economic implications (Adams et al. 2014 ). The idea of "landscape" has emerged with different 475 meanings in different countries across Europe (Olwig 1996) , and historically rural landscapes have 476 been taken to reflect aspects of national identity (Lekan 2004 The profound pressures on biodiverse landscapes in Europe demand urgent conservation action, yet 586 resources are everywhere limited. Choices therefore have to be made in the allocation of resources 587 between competing conservation strategies, and an assessment of cost-effectiveness (for example 588 between restoration and protection strategies) has become an important element in conservation 589
planning ( ownership of the seabed throughout much of Europe also creates challenges in this context. We 598 draw attention to the potential of different kinds of financial instruments available to support 599 landscape restoration, and the incentives and disincentives for private landowners, particularly 600 farmers (Hodge 2016 this research could usefully be focused, in order to ensure that restoration projects are carried out in 631 the most appropriate locations, using the best methods and effectively including all stakeholders, in 632 order to maximise their success. 633
The opportunities for landscape restoration are affected by a wide range of natural and socio-634 economic factors, many of which are changing at an increasingly rapid rate in Europe and beyond. 635
These include: changes in rural economies and widespread land abandonment (Pereira & Navarro 636 2015); changes in wider food production and distribution systems and diets (such as shifts in the 637 demand and supply of meat, soya and edible oils; Ericksen 2008); changes in climate (such as 638 seasonality, the incidence of novel crop diseases, and the incidence of extreme weather events; e.g. 639 Morecroft & Speakman 2015); changes in farming systems (including agricultural mechanisation, 640 fertiliser and pesticide production); changes in patterns of recreation (due to factors such as cheap 641 air flights and road construction); changes in the services demanded of rural ecosystems (shifting 642 from production, to social, cultural, recreation and other ecosystem services) and changes in 643 interregional flows of services (due to changing trade and consumption patterns; Liu et al. 2015) . 644
These changing patterns of land use are likely to create challenges, but also opportunities for 645 landscape restoration. Consequently, ensuring that we have the knowledge and understanding to 646 prioritise restoration efforts in the most appropriate and beneficial areas, and apply the most 647 effective approaches is becoming ever more necessary. 648
Landscape restoration is therefore a topic of significance for biodiversity conservation, rural policy 649 and spatial planning throughout Europe. This exercise has identified 100 priority questions relevant 650 to landscape restoration that should inform all three areas of concern. Our emphasis has been on 651 projects of large spatial extent and this led to the identification of issues that are distinct from 652 restoration and management on more local scales. In particular, social, cultural and economic 653 factors form a significant element among the questions. These are especially relevant to large-scale 654 projects, which incorporate a number of different habitats, almost always including those used or 655 inhabited by people. Therefore, a wide range of stakeholders will need to be consulted, and 656 community support and social buy-in will be essential for long-term restoration success. The mosaic 657 of habitats and the regional and interregional flow of ecosystem services at a landscape scale also 658 led to an emphasis on questions relating to connectivity (these questions spanned several of the 659 sections: conservation of biodiversity, natural processes and ecosystem services). Improving our 660 understanding of these interrelations will be vital for effective large-scale restoration. 661
Along with a larger spatial scale, landscape restoration projects often have a long-term plan and 662
vision However, as many of the questions reflect, great uncertainty remains around spatial and temporal 666 scales, and the circumstances under which smaller-scale projects could eventually contribute to 667 accumulated larger-scale and longer-term benefits. Equally, there is uncertainty in how to identify 668 and prioritise the locations where these efforts would be most effective. 669
The knowledge gaps revealed here suggest that interest in long-term landscape-scale restoration 670 projects may be advancing ahead of the knowledge base. This is unsurprising given the recent rise in 671
interest and practice of large-scale ecosystem restoration, the short time that most existing projects 672 have been in place and the rather limited resources allocated to monitoring and assessment of 673 condition at the outset. In addition, these landscapes will continue to change, meaning that static 674 targets, of the type we are used to measuring in 'conventional conservation', become less relevant. 675
Consequently, success becomes more difficult to recognise, as the focus shifts away from specific 676 targets for the abundance of each species and the location and size of every habitat towards the 677 restoration of dynamic physical and biological processes. The changing relationships between these 678 processes, species and habitats is also an important area for research and monitoring, in order to 679 gain understanding of how and why these relationships change through time. Identifying less 680 predictable but still meaningful goals remains an important challenge, and surveillance, rather than 681 monitoring against targets, might be a more useful approach over the long-term. This also has 682 implications for committed long-term funding, backed by suitable policy instruments. Such 683 commitment is unusual, but can be seen, for example, in the Swiss Government's 80-year long river 684 restoration and monitoring programme (Weber et al. 2017) . 685
The questions presented here also highlight the fact that there may be differences in the objectives 686 of restoration and in the views on the most appropriate methods and approaches to be used. This 687 may lead to tensions in practice, reflected in some of the questions presented here. For example, 688 question 39 asks how restoration can lead to ecosystems that better emulate natural processes, 689
whereas question 49 focuses on managing ecosystems in order to optimise delivery of ecosystem 690 services. The answers to these questions, both focusing on management of ecosystems, are likely to 691 be different. However, having answers to both these questions would allow someone implementing 692 a landscape restoration project to make a better-informed management decision, appropriate to the 693 context of their project and its specific objectives. Ultimately, policy and management responses to 694 the knowledge gained by answering these questions are likely to depend on a range of other factors, 695 such as social factors, values, financial constraints and the wider policy context, but it seems clear 696 that making such decisions with the best possible understanding of the options is desirable. 697 A number of questions relate to particular haibtats, with eight questions specifically referring to 698 restoration in the marine habitat. There has been a recent rise in interest in carrying out major 699 marine restoration interventions, due to increasing concern about the long-term degradation of 700
European oceans and the resources they support. Current marine and coastal conservation 701 measures operate primarily by regulating human behaviour rather than by physical interventions. In 702 many locations and in some habitats there exists a strong basis for such management, but several 703 questions proposed here indicate a changing focus towards active restoration. Improvements in the 704 methods for the restoration of marine and coastal habitats, such as oyster beds and seagrass 705 meadows, are paving the way for the consideration of more fundamental processes (e.g. feedbacks) 706 associated with the restoration of the marine environment (Maxwell et al. 2017) . 707
It is an exciting time for landscape-scale restoration projects across Europe, and we hope that the 708 questions posed here will encourage research and focus efforts, to allow the increased 709 implementation and effectiveness of these programmes. Several suggestions have already been put 710 forward of how to begin to address these issues, whether by meta-analyses, literature reviews or 711
field studies, and we hope that others will also be inspired. 
